tions.
members (see Supplemental Table S1 at http://www. LM-PCR using reverse primers specific for "downimmunity.com/cgi/content/full/18/6/727/DC1), as well stream" DNA ends in rearranged V H DJ H and BCL6, and as LM-PCR amplification of the c-MYC upstream DNA forward primers specific for "upstream" DNA ends in ends using forward primers targeting a sequence 5Ј of BCL6, C, PAX5, PIM1, and AFP (see Supplemental the c-MYC exon 1 initiation of transcription, we demon- Table S1 and Figure We adapted a modified chromatin-immunoprecipitation (ChIP) assay to "pull-down" ␥-H2AX, Nbs1, Mre11, S5) showed that both blunt and resected DSBs were more frequent (4-to 32-fold) in S and G2/M than in G1 Ku70/Ku86, Rad51, or Rad52 and analyzed by specific LM-PCR the coprecipitated DNA, i.e., the DNA to which ( Figure 5 ). 5Ј-protruding DNA ends were found in G1, S, and G2/M, but 3Ј-protruding DNA ends only in S and these proteins were bound. We reasoned that if a 3Ј-protruding end modification were critical in SHM to G2/M. Comparable findings were derived from the analysis of hypermutating Ramos B cells ( Figure S8) 
Discussion
thereby reflecting an important feature of certain genes and a critical role in SHM, or introduced "nonspecifically" in vitro during DNA purification. By showing that In this study, we showed that, consistent with the targeting specificity of the SHM machinery, DSBs target DNA breakage is a specific and exquisite function inherent only to the genes that can undergo SHM, i.e., Ig V specifically the Ig, BCL6, and c-MYC genes while sparing the C region and the PIM1, PAX5, and AFP genes.
(but not C H ), BCL6, and c-MYC, our findings provide strong evidence against the contention that DSBs are We also showed that DSBs occur at high frequency not only in hypermutating rearranged Ig V H DJ H , BCL6, and nonspecific, i.e., introduced during DNA purification. That DSBs occur in vivo and are present prior to DNA translocated c-MYC genes, but also in the nonhypermutating germline forms of these genes. These DSBs are purification is further emphasized by the pull-down of broken dsDNA ends in our ChIP assays utilizing specific blunt ended and are repaired through NHEJ, as indicated by the recruitment of Ku70/Ku86, Mre11, and Abs to Ku70/Ku86, Mre11, Nsb1, and Rad52/Rad51 (Figure 6 , Table S6 ). Nsb1 but not Rad52/Rad51 to these broken DNA ends. (Table S6) 
